Introduction
============

Low back pain (LBP) is one of the leading causes of people living with disability. Thus, LBP -- with its associated disability -- is responsible for a significant personal burden worldwide \[[@R1]\]. About 70% to 80% of the Western population suffers from LBP at least once in their lifetime. A significant proportion of these patients develop chronic low back pain (CLBP) \[[@R2]\], which is associated with continual personal suffering and substantial economic costs \[[@R3]\], \[[@R4]\].

CLBP involves a combination of pathoanatomical, neurophysiological, physical, psychological, and social factors \[[@R5]\], \[[@R6]\], \[[@R7]\]. The multifaceted nature of CLBP leads to the assumption that there is no 'general' intervention that can target all of the underlying mechanisms and resolve its complexity \[[@R8]\]. It can, therefore, be assumed that it is necessary to find a classification system for CLBP which could identify the underlying mechanisms which are integrated into the biopsychosocial framework. Rusu et al. \[[@R9]\] defined different approaches to subgrouping CLBP patients. Responses to questionnaires are used for the empirically-derived classification of patients according to their psychosocial behavioral characteristics. Another possibility is subgrouping on the basis of the Multidimensional Pain Inventory (MPI), performed to assess physical functioning, pain severity, depressive mood, and perceived functional limitations. Further subgrouping on the basis of pain-related fear and emotional distress and focusing on the interrelationships between, for example, depressive mood and pain-related fear within individuals and across time, is possible. And finally, subgrouping on the basis of endurance responses and emotional distress with which testable hypotheses about subgroups of patients with endurance-related responses can be provided \[[@R9]\]. In 2010, Kent et al. proposed six phases for studies of subgroups: studies of assessment methods, hypothesis-setting studies, hypothesis-testing studies, narrow validation studies, broad validation studies, and impact analysis studies \[[@R10]\]. In the present study, an empirically-derived classification of patients was performed, according to their psychosocial behavioral characteristics. Furthermore, it complies with Kent et al.'s first phase as it enables relatively homogeneous subgroups to be identified while maximizing the variability between clusters \[[@R11]\]. With the aim of identifying patterns of patient characteristics, pain characteristics, and group-specific health care utilization \[[@R12]\] during the triage phase, such a classification system might enable targeted therapies and enhance the benefit to the patient significantly \[[@R13]\].

The idea of a classification system for LBP and CLBP is not new. Generally, both physicians and therapists agree that patients should be treated differently according to the heterogeneous conditions of LBP or CLBP \[[@R13]\], \[[@R14]\]. Many trials have been undertaken to identify subgroups, mostly with substantial differences relating to their purposes, inclusion criteria, therapeutic approaches, and methods. One purpose that plays an important role in these trials is the initial treatment of LBP and CLBP in primary care \[[@R15]\], \[[@R16]\], \[[@R17]\]. Other trials developed screening tools for patients' triage, depending on the subgroups \[[@R16]\], \[[@R18]\], \[[@R19]\]. Another benefit of classification systems is that they might be more successful in improving treatment outcomes than global pain management strategies \[[@R20]\], because patients are more likely to respond to a targeted treatment method \[[@R21]\], \[[@R22]\]. Different studies have proposed various approaches to clustering patients, such as according to biological factors, mechanical loading strategies, psychological and social factors \[[@R23]\], \[[@R24]\], treatment-based factors and clinical decision-making \[[@R25]\], \[[@R26]\], \[[@R27]\], and factors based on pain mechanisms \[[@R28]\]. This list of the types of cluster analyses with their various main aims and methods is not exhaustive, but still demonstrates the diversity of approaches. The aim of the current trial is to identify homogenous subgroups of patients with CLBP within an inpatient setting. Following medical diagnosis and triage in primary care, a multimodal pain therapy was suggested for all the CLBP patients included in this study. Thus, an attempt was made to find more specific homogenous subgroups in CLBP. For this purpose, internationally validated scales were used to ensure that replicability is possible in other inpatient pain centers.

Methods
=======

Study design
------------

This trial has an empirical and exploratory character. It seeks to identify homogenous subgroups of CLBP patients in an inpatient, multimodal therapy setting; thus, it is a hypothesis-setting study \[[@R10]\]. The retrospective analysis of primary data \[[@R29]\] in the context of pain characteristics, psychological variables, socio-demographic characteristics, and treatment intensity is intended to help identify prognostic factors for a cross-sectional triage followed by graduated treatment within the inpatient, multimodal therapy setting.

The study did not need to be referred to the ethics committee, because the data used were anonymized and the patients had already signed a consent that their data may be used for research purposes. Furthermore, it was a retrospective analysis of data which was collected during the patients' standard care; therefore the patients did not receive placebo interventions or the like.

Intervention
------------

The multimodal pain-therapy setting study in which patients took part was set up as follows:

Medical consultations (at least once per week for 30 minutes)Physical therapies such as physiotherapy, ergotherapy and sports for individuals and groups (for 30 minutes)Psychological therapy such as relaxation, and cognitive-behavioral interventions for individuals and groups (for 30 minutes)Pain education for groups (for 30 minutes)Peripheral stimulation such as TENS (as required)

Subjects
--------

The current dataset consists of inpatient standard care data from Algesiologikum -- Centers for Pain Medicine (Munich, Germany) for patients whose initial treatment took place between 2010 and 2012 in the Algesiologikum outpatient pain center and who were subsequently targeted for a multimodal pain therapy in an Algesiologikum inpatient pain center by a specialist pain physician. The targeting resulted from medical examination, the results of the questionnaires and the doctor's experience. The inclusion criteria were:

Initial treatment at Algesiologikum -- Centers for Pain Medicine between 2010 and 2012At least one back pain diagnosis (ICD-10 diagnosis: M40--M54)Age between 18 and 64 years, because in Germany, people of this age are usually available for the job marketDuration of pain for at least six monthsInpatient multimodal pain therapy for at least seven days in one of the Algesiologikum -- Centers for Pain MedicineNo missing values in the variables identified for cluster-buildingA signed declaration of consent, allowing Algesiologikum to use the data for research purposes

Questionnaires
--------------

Before patients take part in any pain-therapy setting, they are asked to complete the German Pain Questionnaire 2007 (the current version is the German Pain Questionnaire 2015) \[[@R30]\], which is used in most German pain centers and includes socio-demographic information as well as internationally validated scales concerning -- inter alia -- biological, psychological, social, and pain mechanism-based factors. The German Pain Questionnaire 2007 comprises the following scales:

Mainz Pain Staging System (MPSS): The assessment is based on temporal and spatial aspects, drug-taking behavior, and detailed information about the patient's utilization of the healthcare system. The three stages of this scale represent different phases in the chronification process. The higher the stage, the more extensive are the required therapeutic interventions, and the less likely is the full recovery from chronic pain \[[@R31]\], \[[@R32]\], \[[@R33]\]. The MPSS's internal consistency as well as its validity have been confirmed, for example, by Frettlöh et al. \[[@R33]\], Hampel et al. \[[@R34]\], Schmitt et al. \[[@R35]\], and Hüppe et al. \[[@R36]\].Chronic Pain Grade (CPG) \[[@R37]\], \[[@R38]\]: The CPG was developed to assess the severity of chronic pain problems. With seven items, it takes into consideration pain intensity (right now, worst pain in the last four weeks, pain on average in the last four weeks), the number of days in the last three months for which patients were prevented from taking part in their usual activities (work, school, housework) by pain and interference with daily activities, ability to take part in recreational, social and family activities, and ability to work (including housework) in the past three months. The four CPG values differ with respect to self-reported disability and pain intensity:CPG 1: low disability and low pain intensityCPG 2: low disability and high pain intensityCPG 3: high disability and moderately limiting pain intensityCPG 4: high disability and severely limiting pain intensityKlasen et al. \[[@R38]\] determined the reliability of CPG with an internal consistency of r=0.82 for the total scale. They verified its validity using, inter alia, MPSS and the Raspe Grading Scheme.Hospital Anxiety and Depression Scale (HADS): this consists of two subscales -- the anxiety subscale (HADS-A) and the depression subscale (HADS-D), both of which have seven items and a range of 0--21 and a cut-off of 11. Anxiety and depression values higher than 10 must be considered to be problematic. Both subscales have been shown to be reliable and have been validated for several subgroups. The internal consistency was between 0.80 and 0.81 for both \[[@R39]\]. The validity of HADS has been confirmed in different studies \[[@R39]\], \[[@R40]\], \[[@R41]\], \[[@R42]\]. (In the new 2015 version of the German Pain Questionnaire, the HADS \[[@R43]\] has been replaced by the depression, anxiety, and stress scale (DASS); the other items used in this cluster analysis remain the same \[[@R44]\], \[[@R45]\].)The Marburg Questionnaire on Habitual Health Findings (MFHW): The MFHW is a seven-item scale for the assessment of the trait dimensions of well-being \[[@R46]\]. It has a range of 0--35 and a cut-off of 11. Well-being values lower than 11 are conspicuous. This questionnaire's reliability is confirmed with an internal consistency between 0.87 and 0.92. Interrelations with variables indicating chronicity support the concept's construct validity. This also applies to the stage algorithm provided by the pain clinic in Mainz, the affective dimension of the pain experience, disability, depression, and inability to work \[[@R47]\].Quality of life assessment using the Short-Form 12 (SF 12): SF 12 is the short-form of SF 36 and was developed with a total of 12 items to reproduce the Physical Component Summary (PCS; internal consistency between 0.77 and 0.93) and the Mental Component Summary (MCS; internal consistency between 0.78 and 0.88). Both the PCS and MCS range from 0 (lowest level of health measured by the scales) to 100 (highest level of health). The cut-off for the PCS is 29, while that of the MCS is 44. PCS values lower than 29 points and MCS values lower than 44 points must be considered to be problematic. In 14 validity tests involving physical criteria, relative validity estimates for the 12-item PCS ranged from 0.43 to 0.93 (median=0.67), compared to the best 36-item short-form scale. Relative validity estimates for the 12-item, MCS in 6 tests involving mental criteria ranged from 0.60 to 107 (median=0.97) in relation to the best 36-item short-form scale \[[@R48]\], \[[@R49]\].The List of Pain Description (Schmerzbeschreibungsliste, SBL) was developed to measure the sensory and affective aspects of pain in a differentiated manner in order to gain indicators of psychological burden. The score has a range of 0--12 and a cut-off of 9. An SBL value of 8 stands for an increased pain experience. Higher values are conspicuous. The internal consistency was confirmed with Cronbach's alpha between 0.79 and 0.83 \[[@R50]\].

Statistical analyses
--------------------

The items in the full item pool (see measurements) which were most relevant for the variance explanation were identified with the k-means procedure (squared Euclidean distances) using Almo 15 \[[@R51]\]. By maximizing the variability between clusters, the k-means procedure also identifies relatively homogenous groups. Almo 15 provides statistical measurements for evaluating the appropriateness of a cluster solution (F-value and eta^2^) \[[@R52]\]. Several analyses were run with different combinations of all the included variables to identify those with the highest eta^2^ as cluster-building variables. A two-step cluster analysis with SPSS 22 was carried out using the findings of the k-means procedure. Group differences were calculated, not only for cluster-building variables, but also for other surveyed variables, in order to give an extensive impression of the patients in the clusters. Group differences for nominal- and ordinal-scaled items were identified using the chi-square test and mean differences, while post-hoc tests (Scheffé) were carried out for interval and ratio-scaled items. The chi-square test is a one-sample test which computes a chi-square value based on the differences between the observed and expected frequencies in each category. The post-hoc Scheffé test performs simultaneous joint pair-wise comparisons for every possible pair-wise combination of means, using the F sampling distribution \[[@R53]\]. The level of significance was set at 0.05.

The calculation of a two-step clustering algorithm does not allow any missing values. Thus, all cases with any missing values in the cluster-building variables were excluded.

The daily routine at a pain center providing basic medical care does not allow the staff to monitor patients while they are filling in questionnaires. Furthermore, some questions, such as 'job situation', are optional. Cases with missing values in non-cluster-building variables were included because they still have informational content. Only valid cases were used for each variable. For this reason, some of the total values may differ from the sum of the values for all included patients. Moreover, valid percentages were used in the analyses.

Cluster-building variables
--------------------------

HADS-AHADS-DMFHWPCSMCS

Further variables
-----------------

**Socio-demographic data and general state of health**

SexAgeWorking statusDuration of CLBPNumber of comorbiditiesNumber of doctor visits before beginning treatment in the Algesiologikum

**Pain characteristics**

MPSSCPG with pain intensity and interferences

**Psychological variables**

SBL

Data regarding therapy intensity was captured with QUAST -- a computer-assisted tool for documentation and quality assurance in pain treatment \[[@R54]\].

Diagnosis Related Groups (DRG) data
-----------------------------------

Furthermore, the DRG data from the inpatient pain centers were contained in the §21 datasets which contain hospital-specific structural data, and case-related performance data, such as diagnoses, DRGs, admission reasons and dates, discharge reasons and dates, treatment processes, birthdates, and duration of stay. By law, each hospital has to submit its previous year's §21 dataset to the national DRG data department by March 31 \[[@R55]\]. The variables taken from this source were:

Duration of stay in hospital

Diagnoses are grouped following the German ICD-10 codes
-------------------------------------------------------

F30--F39: Affective disordersF40--F48: Neurotic stress and somatoform disordersG44--G47: Episodic and paroxysmal diseases of the nervous systemG50--G59: Diseases of nerves, nerve roots, and nerve plexusM40--M54: Diseases of the spinal cord and spineM60--M79: Diseases of soft tissuesR50--R69: General symptoms

Results
=======

For the reporting period, 320 patients were found who fulfilled the inclusion criteria mentioned previously. In total, 280 of the 600 patients treated during this period were excluded prior to the two-step cluster analysis because of the following factors:

Age older than 64 (N=146; 24.3%)Pain diagnosis other than back pain (N=98; 16.3%)Duration of pain for less than six months (N=11; 2.0%)Missing values in cluster-building variables (N=66; 11%)

Some of the excluded patients met several exclusion criteria.

Participants
------------

As indicated in Table 1 [(Tab. 1)](#T1){ref-type="fig"}, approximately 65% of the sample patients were female. The CLBP patients were on average 49 years old and had been suffering from severe CLBP (MPSS=3; CPG=4) for at least five years. About half of the patients were employed, approximately a quarter were unemployed, and a further 17% were retired.

Patients stayed in hospital for 15 days on average and participated in an average of 23 psychological and 44 physical therapy sessions. All the patients were encouraged to take responsibility for their pain management. To ensure that all biomedical and psychological aspects of pain problems are managed optimally, treatment is to be multidisciplinary and involve specialists when needed, in order to achieve the goal of reducing pain and/or improving pain management, as well as improving the patients' physical, psychological, work and social role functioning \[[@R56]\].

Description of cluster modeling
-------------------------------

The following variables were identified as cluster-building variables (Table 2 [(Tab. 2)](#T2){ref-type="fig"}): HADS-A, HADS-D, MFHW, PCS, and MCS.

A three-cluster solution demonstrating reasonable quality criteria was determined by using these five variables (F-value=125,070; eta^2^=0.404). These three clusters explained 40.4% of the variance.

The results of the k-means procedure excluded other variables, such as the number of interventions, SBL, age, etc., which made no meaningful contribution. In the second step, the same dataset and cluster-building variables were used for a two-step cluster analysis using SPSS 22. (Note that the cluster-feature tree and the final solution may depend on the order of cases \[[@R53]\]). Following the three-cluster solution which had been determined using Almo 15, a three-cluster solution was also identified for the two-step cluster analysis with SPSS 22. The quality of this solution was fair and the data also reflected weak evidence of cluster structure \[[@R57]\].

Description of clusters
-----------------------

While only significant differences are described in the written description of the clusters below, the following tables provide a detailed characterization of the three clusters in terms of number, proportion, mean, standard deviation (SD) and range, as well as error probabilities and group comparisons: Table 3 [(Tab. 3)](#T3){ref-type="fig"}, Table 4 [(Tab. 4)](#T4){ref-type="fig"}, Table 5 [(Tab. 5)](#T5){ref-type="fig"}, Table 6 [(Tab. 6)](#T6){ref-type="fig"}, Table 7 [(Tab. 7)](#T7){ref-type="fig"}, Table 8 [(Tab. 8)](#T8){ref-type="fig"}, Table 9 [(Tab. 9)](#T9){ref-type="fig"}.

Cluster 1 -- little psychological interference but marginal physical and mental quality of life
-----------------------------------------------------------------------------------------------

Cluster 1 (N=72, 22.5% of all the included patients) consists of patients with moderate mental strain, who showed no conspicuous features associated with anxiety, depression, and poor psychological well-being. The PCS and MCS values were reduced but still acceptable.

Patients in Cluster 1 were significantly less depressive and had a better well-being and a better physical status than those in Cluster 2. Furthermore, they obtained better values for all cluster-building scores than those patients in Cluster 3 (Table 3 [(Tab. 3)](#T3){ref-type="fig"}).

Cluster 1 has more employed patients (63.9%) than Cluster 2 and Cluster 3, as well as fewer unemployed patients than Cluster 3 (Table 4 [(Tab. 4)](#T4){ref-type="fig"}).

The average and worse pain intensities were lower in Cluster 1 than in Clusters 2 and 3. Likewise, interference with daily, recreational, social, and family activities, the ability to work, and the number of days for which patients were kept from their usual activities (work, school, or housework) during the last three months were lower than in Clusters 2 and 3 (Table 6 [(Tab. 6)](#T6){ref-type="fig"}).

In comparison to Cluster 3, patients were found in Cluster 1 with an MPSS score of I, and fewer patients with an MPSS score of III. Patients in Cluster 1 had a CPG score of 3 more often than those in Clusters 2 and 3. At the same time, the number of patients with a CPG score of 4 was lower in Cluster 1 than in Clusters 2 and 3. Concerning affective pain experience, as measured with SBL, it was found that the patients in Cluster 1 were less affected than those in Cluster 3, but none of the mean scores indicated a clinically problematic state (Table 7 [(Tab. 7)](#T7){ref-type="fig"}).

With respect to the ICD-10-diagnosis groups "Neurotic stress and somatoform disorders" (F40--F48: 45.8%) and "Diseases of nerves, nerve roots, and nerve plexus" (G50--G59: 2.8%), the patients in Cluster 1 were less frequently affected than the patients in Cluster 3 (Table 8 [(Tab. 8)](#T8){ref-type="fig"}). The diagnoses "Depressive episode" (F32: 11.1%), "Recurrent depressive episodes" (F33: 9.7%), and "Somatoform disorders" (F45: 37.5%), were less prevalent in Cluster 1 than in Cluster 3 (Table 9 [(Tab. 9)](#T9){ref-type="fig"}).

Cluster 2 -- poor well-being, low physical quality of life, and marginal mental quality of life
-----------------------------------------------------------------------------------------------

Cluster 2 (N=80, 25.0% of all included patients) was mostly comprised of physically affected patients (PCS\<29) with a considerably lowered value for well-being (MFHW\<11). Anxiety, depression and MCS showed regular values.

In comparison to the patients in Cluster 1, those in Cluster 2 were more affected by depression, poor well-being, and PCS. In addition, the patients in Cluster 2 showed worse values for PCS than those in Cluster 3. There were no differences in respect of well-being between Cluster 2 and 3. The other cluster-building variables (HADS-A, HADS-D, and MCS) were lower in Cluster 3 than in Cluster 2.

The patients in Cluster 2 were less likely to be employed (47.5%) than those in Cluster 1. In terms of working status, there were no differences between Clusters 2 and 3 (Table 4 [(Tab. 4)](#T4){ref-type="fig"}).

The patients in Cluster 2 had higher average and worse pain intensities than the patients in Cluster 1. Cluster 2 patients also showed more interference from pain in their daily activities, recreational, social, and family activities, and ability to work than those in Cluster 1. Patients in Cluster 2 reported experiencing more days when they were kept from their usual activities (work, school, or housework) in the last three months than those in Cluster 1. No differences were found with regard to pain intensity, interference, and days kept from usual activities between Clusters 2 and 3 (Table 6 [(Tab. 6)](#T6){ref-type="fig"}).

There were no group differences between Cluster 2 and the other clusters relating to MPSS. More patients in Cluster 2 had a CPG score of 4 and fewer had a CPG score of 3 -- in contrast to those in Cluster 1. In respect of CPG, no differences between Clusters 2 and 3 were found. The values for affective pain experience (SBL) were similar between Clusters 2 and 1, as well as between Clusters 2 and 3 (Table 7 [(Tab. 7)](#T7){ref-type="fig"}).

Cluster 2 had fewer patients with diagnoses from the diagnosis group "Episodic and paroxysmal diseases of nervous system" (G44--G47 16.3%) than Cluster 3, as shown in Table 8 [(Tab. 8)](#T8){ref-type="fig"}. Regarding "Recurrent depressive episodes" (F32 7.5%), the patients in Cluster 2 were less affected than those in Cluster 3 (Table 9 [(Tab. 9)](#T9){ref-type="fig"}).

Cluster 3 -- heavy mental strain and marginal physical quality of life
----------------------------------------------------------------------

The patients in Cluster 3 (N=168, 52.5% of all included patients) showed clinically significant values for all the cluster-building variables.

In comparison to Cluster 1, differences were found in each cluster-building variable. Overall, while the patients in Cluster 3 showed lower values for psychological mood variables, the patients in Cluster 2 suffered more in terms of physical components.

The patients in Cluster 3 were less likely to be employed (45.1%) than those in Cluster 1. Cluster 3 had more unemployed patients (29.9%) than Cluster 1. In respect of working status, no differences were found between Clusters 3 and 2 (Table 4 [(Tab. 4)](#T4){ref-type="fig"}).

The actual, average, and worst pain intensities were higher when compared to Cluster 1. Likewise, interference due to pain in daily, recreational, social, and family activities, the ability to work, and number of days on which patients were kept from their usual activities (work, school, or housework) during the last three months were higher than in Cluster 1. In regard to pain intensity, interference, and days kept from usual work, no differences were found between Clusters 2 and 3 (Table 6 [(Tab. 6)](#T6){ref-type="fig"}).

In contrast to Cluster 1, no patients were found with an MPSS value of I in Cluster 3, but there were significantly more patients with an MPSS value of III. Fewer patients in Cluster 3 had CPG scores of 2 and 3 compared to those in Cluster 1. However, there were more patients with a CPG score of 4 in Cluster 3 than in Cluster 1. Patients in Cluster 3 had a lower SBL value than those in Cluster 1. There was no difference in terms of MPSS, CPG, or SBL between Clusters 2 and 3 (Table 7 [(Tab. 7)](#T7){ref-type="fig"}).

With regard to the diagnosis groups "Neurotic stress and somatoform disorders" (F40--F48: 63.1%) as well as "Diseases of nerves, nerve roots, and nerve plexus" (G50--G59: 10.7%), the patients in Cluster 3 were more affected than those in Cluster 1. The patients in Cluster 3 suffered from "Episodic and paroxysmal diseases of nervous system" (G44--G59: 29.2%) more often than those in Cluster 2 (Table 8 [(Tab. 8)](#T8){ref-type="fig"}). The diagnoses "Depressive episode" (F32: 30.4%) and "Somatoform disorders" (F45: 57.1%) were more prevalent in Cluster 3 than in Cluster 1. The incidence of "Recurrent depressive episodes" (F33: 22.0%) was higher in Cluster 3 than in Clusters 1 and 2 (Table 9 [(Tab. 9)](#T9){ref-type="fig"}).

Discussion
==========

In this study, the aim was to draw attention to the need for inpatient multimodal treatment for patients suffering from severe CLBP and who had already been under treatment for a long time, to be precisely targeted. The aim was to find homogenous subgroups among those CLBP patients for whom an inpatient multimodal pain therapy was recommended following medical diagnosis and triage in primary care. The fact that no differences were observed for other variables such as "duration of CLBP" (Table 8 [(Tab. 8)](#T8){ref-type="fig"}), "number of doctor visits" (Table 5 [(Tab. 5)](#T5){ref-type="fig"}) before starting the multimodal treatment, and "number of co-morbidities" (Table 5 [(Tab. 5)](#T5){ref-type="fig"}) could be an evidence for an at least similar form of targeting in primary care.

It was hypothesized that because CLBP is so multifaceted, there was a need to find more sophisticated subgroups to be targeted, more individualized treatment, and a better quality of care, especially in the inpatient treatment sector. Further targeting might improve inpatient multimodal pain therapy by making it more individualized and effective for different groups. For this purpose, international validated scales were used so that replicability might be possible in other inpatient pain centers and a two-step cluster analysis of those CLBP patients who were targeted to multimodal pain therapy was calculated.

As the factors "anxiety", "depression", "well-being", "physical component summary", and "mental component summary" explained 40.4% of the variance, they were identified as cluster-building variables, and a meaningful three-cluster differentiation was found. The groups identified could be characterized as "little psychological interference but marginal physical and mental quality of life", "poor well-being, low physical quality of life, and marginal mental quality of life", and "heavy mental strain and marginal physical quality of life."

The differences concerning non-cluster-building variables could help the therapists obtain a global idea of the patients in the different clusters: Especially their mental and physical status, but also their information regarding pain intensity, days kept from usual activities, interference with daily activities, ability to take part in recreational, social, and family activities, ability to work (including housework), CPG, MPSS, SBL, therapy intensity, diagnoses groups, diagnoses, and working status could help achieve an individual focus for group-related, inpatient therapy pathways.

The Cluster 1 patients seemed to be reasonably healthy in contrast to the patients in Clusters 2 and 3. They had chronic pain but they were not very affected in terms of its physical or psychological aspects. The therapeutic focus for this group should be on pain relief or coping strategies, in order to avoid further chronification.

Compared to the patients in Cluster 3, those in Cluster 2 were healthier in terms of every cluster-building variable with the exception of MFHW, but when compared to those in Cluster 1, they seemed to be more affected. They had primarily physical symptoms which had a bad influence on their general well-being. In order to ease these symptoms and to improve patient' physical strength and general well-being, a therapy focus on exercise would be necessary for this group.

The patients in Cluster 3 seemed to suffer more from their CLBP than those in Clusters 1 and 2, especially in terms of mental strain. The main focus of therapy for these patients should be a psychological approach, because they seemed to be highly distressed.

Homogenous subgroups among those patients suffering from CLBP, based on the patients' clinical presentations, might improve treatment outcomes \[[@R20]\], \[[@R58]\]. The clusters were formed based on internationally-validated scales to reduce subjectivity and make this study transferable to other pain centers \[[@R10]\]. Several studies using different approaches to search for subgroups among CLBP patients were found. Solovieva et al. \[[@R59]\], Tegeder et al. \[[@R60]\], Karpinnen et al. \[[@R61]\], Costigan et al. \[[@R62]\] for example, found subgroups based on genetic factors, while Turk et al. \[[@R63]\], Turk \[[@R64]\], Dahlstrom et al. \[[@R65]\], Turk et al. \[[@R66]\], Johansson et al. \[[@R67]\], Turk et al. \[[@R68]\], Soderlund et al. \[[@R69]\], Thieme et al. \[[@R70]\], Widerström-Noga et al. \[[@R71]\], Heidari et al. \[[@R72]\] found subgroups based on psychosocial factors, and Huijen et al. \[[@R73]\], McCracken et al. \[[@R74]\], Hasenbring et al. \[[@R75]\] based subgroups on activity-related behavior. As all CLBP patients had a back pain diagnosis in common, it seemed logical to cluster these patients based on their pain characteristics as well as psychological and social factors, as was done by Waddell \[[@R7]\], Hasenbring et al. \[[@R75]\], Foster \[[@R76]\], Kamper \[[@R77]\], and Wettstein et al. \[[@R78]\] in various previous cluster analyses.

The aim was to demonstrate the need for the precise targeting of primary care treatment of CLBP patients, as was done, for example, by Viniol et al. \[[@R79]\] who identified three clusters consisting of "pensioners with age-associated pain caused by degenerative diseases", "middle-aged patients with high mental distress and poor coping resources", and "middle-aged patients who are less affected by pain and better positioned with regard to mental health". Boersma et al. \[[@R80]\] found four similar group profiles: "fear avoidant", "distressed fear avoidant", "low risk", and "low-risk depressed mood". Hirsch et al. \[[@R12]\] also identified four clusters in primary care: "elderly patients adapted to pain", "patients with chronic severe pain with comorbid depression", "younger patients with subacute pain and emotional distress", and "younger patients with acute pain". Wettstein et al. \[[@R78]\] identified three distinct well-being profiles, characterized by "generally high well-being", "moderate well-being", and "consistently low well-being", respectively. The results of the current study reaffirm those of the previous cluster analyses, in particular in respect of the individual, multifaceted nature of CLBP.

The profiles taken into consideration range from very distressed patient groups who were hardly able to take part in daily social activities, over groups consisting of adaptive patients who could cope and hence experienced less pain, were less distressed, and were able to take part in daily social activities, through to groups of patients who were experiencing severe pain and high levels of distress, but still taking part in daily social activities.

While the focus of this study was on improving the triage of CLBP patients from different groups, Hill et al. \[[@R81]\], for example, tested the outcome of differentiated treatment. They compared the clinical effectiveness and cost-effectiveness of stratified primary care (intervention) with the non-stratified, current best practice (control). At twelve months, the stratified care was associated with a mean increase in generic health benefits and cost savings compared to the control group \[[@R81]\].

Fehrmann et al. \[[@R82]\] took a different approach, inspired by Hasenbring et al.'s avoidance-endurance model \[[@R83]\], which recommends subgroup-tailored interventions -- confronting fear-avoidant patients with their fear of movement and encouraging them to stay active, whereas endurers should be encouraged to avoid overexerting themselves and to take breaks in time. Fehrmann et al. \[[@R82]\] sought to examine whether or not the avoidance-endurance model subgroups, fear avoiders (FAR), distress endurers (DER), eustress endurers (EER), and adaptive responders (AR), showed differences in physical measures and outcomes after training therapy and found that the DER and the FAR groups were more impaired before and after the intervention, compared with EER and AR, as indicated by a higher pain intensity, higher disability levels, lower quality of life, and inferior working capacity.

These findings encourage the authors to also verify the benefits of stratified care for the "types" of patients with CLBP identified in this study, in further investigation.

It was hypothesized that CLBP patients would differ in terms of therapy intensity, due to them probably having different needs, but there were no differences in therapy intensity. A reason for this might be that patients with a higher level of fitness or rather less mental strain participated more frequently. Another reason might be that, in the case of multimodal pain therapy, the DRG system does not provide incentives to provide high-intensity therapy because the payments do not increase for higher performance in terms of therapy intensity. On the contrary, the higher the therapy intensity offered, the lower the pain center's profit. The integration of more clinical considerations, such as adjusting therapy intensity to individual needs, can be more economical while simultaneously improving the quality of a therapy. Inpatient pain centers should offer different multimodal therapy pathways for effective treatment. Therefore, the development of a suitable algorithm which targets patients early so that they receive optimal care as soon as possible is essential. At least two of the three clusters in this study need highly intensive and expensive pain therapy. The difficulty does not lie in developing and offering such programs, but in convincing health insurance providers that certain patients need such high-intensity pain therapy. This trial should also be a basis for the corresponding arguments about which patients fit which treatment pathway, including the required therapy intensity.

This study has shown that it is next to impossible to carry out a meaningful triage of patients with severe CLBP without sophisticated knowledge about its forms as well as differences and relationships between the biopsychosocial components. The benefits of stratified care for patients are tailored treatment, individual therapeutic goals, and a higher quality of life. Care providers might profit from it because they would be able to specialize their infrastructure, become more (cost-)effective, and achieve better therapy outcomes while simultaneously increasing revenues. Employers and colleagues could also benefit from stratified care, because employees suffering from CLBP might need fewer days off from work after the specialized pain therapy. Although highly intensive pain therapy is associated with higher costs, the costs related to these patients might come down in the long term, because a better therapy outcome could lead to less medication being required, fewer doctor's visits, fewer stays in hospital, fewer days off work, and perhaps even the ability to work again. Moreover, it is assumed that stratified care creates the space needed to develop and conclude individual, special treatment pathways, contracts between health insurance providers, non-state actors in the healthcare system, and care providers. Furthermore, an assumption for the future is that stratified care will lead to fewer days off work which enhances economic efficiency and productivity, as well as possibly avoiding costs relating to early retirements, which would have positive implications for the economy \[[@R77]\]. Therefore, stratified care should be a common aim for all therapists as well as for all actors in health insurance, the healthcare system, and for other providers involved in CLBP treatment.

The differences found in the current study not only caused CLBP patients to be targeted into special kinds of pain treatment or care, such as inpatient or outpatient. They caused an individual kind of multimodal pain therapy to be developed for each separate CLBP group by taking into account the heterogeneous and multifactorial nature of CLBP. It is hoped that this study will be understood as a form of support, or rather an incentive, for other providers of multimodal pain therapy, in order to develop individual treatment pathways for their CLBP patients' different needs.

Limitations
===========

The present study has some limitations that need to be considered. The first point that should be mentioned is that cluster analysis is a useful technique for revealing an inherent structure in a dataset, but it must be recognized that it will impose a structure on any dataset, regardless of whether or not one exists. For this reason, no one cluster solution found is likely to be entirely valid for a given pain population and should always be cross-validated \[[@R74]\]. The absence of cross-validation with another pain center or broader range of patient types is another limitation. Therefore, it would be advisable to examine this study in other circumstances, especially relating to the targeted treatment pathways which are currently being tested. In addition, the results of a cluster analysis depend on the input variables \[[@R84]\]. The strength of this evaluation is that internationally-validated scales were used. However, if even one questionnaire were to be unavailable, this model would no longer be transferable.

Furthermore, it is a retrospective trial using routine basic medical care data because the study design was not specified before the evaluation and the day-to-day business kept running as usual. In addition, the pain center staff was not trained with regard to monitoring questionnaires. Especially in the case of some non-cluster-building variables, there were a lot of missing values and therefore also exclusions. In spite of missing values in some variables, there was still informative content that could provide a better idea of the patient's needs.

With regard to therapy intensity, a randomized controlled trial would be necessary to detect "dose-response relationships": Unfortunately, such randomized controlled trials are hardly possible in a standard care setting.
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